Introduction
============

Primary small cell carcinoma of the esophagus (SCCE) is a rare tumour with aggressive behaviour and poor prognosis. It was first described by McKeown in 1952 \[[@R1]\]. A review from Japan cites the prevalence of these rare tumours from autopsy and surgical material to be 2.1% of all esophageal tumours \[[@R2]\]. In the United States a lower incidence of 0.5% has been reported \[[@R3]\], \[[@R4]\]. Although most small cell cancers are located in the lung, they can occur in other sites of the body e.g. in the pharynx, rectum \[[@R5]\], sublingual gland, thyroid gland, pleura, liver \[[@R6]\], larynx \[[@R7]\], trachea \[[@R8]\], salivary glands \[[@R9]\], stomach \[[@R10]\], pancreas \[[@R11]\] and prostate \[[@R12]\] and in our case in the esophagus, since the origin cell types of this tumour are considered to be a type of neuroendocrine cells, which can be found in many organs. The SCCE is histological indistinguishable from its counterpart from the lung, but it is generally recognized that SCCE is distinct in terms of clinical behaviour and response to chemotherapy as well as to radiotherapy, since the clinical course is much more aggressive and the response to therapy is poor because in most cases the tumour has metastasized at the time of diagnosis. Compared to a reported median survival of approximately 10--14 months and a 5-year survival of approximately 2--8% for small cell lung cancer, the survival rate of patients with SCCE is lower \[[@R13]\]. Considerable controversy still exists regarding its histogenesis and its existence as a specific entity \[[@R14]\], \[[@R15]\], \[[@R16]\]. Some investigators postulate that a totipotent primitive cell serves as the common precursor for squamous cell carcinoma, adenocarcinoma and small cell carcinoma of the esophagus \[[@R17]\]. There is neither information about the genetics of SCCE nor about risks associated with positive family history. One reason for the coexistence of small cell carcinoma, squamous cell carcinoma and glandular elements in the same lesion is that small cells have the potential for further differentiation into either mucin-producing or keratin-forming cells \[[@R18]\]. Besides, SCCE can also arise in Barrett's esophagus \[[@R19]\], \[[@R20]\]. Another viewpoint is that the SCCE's origin is from neuroendocrine cells of the submucosal gland or stratum basal, i.e. the major (amine) precursor uptake and decarboxylation cells (APUD; \[[@R21]\]). The presence of neurosecretory granules is not necessarily indicative of a diagnosis of SCCE. In previous retrospective reviews, argyrophilia by Grimelius staining was reported in 25% of the patients' cases and the presence of neurosecretory granules on electron microscopy was documented in 27% \[[@R22]\]. The incidence rate of mixed differentiation ranged between 31--37% \[[@R22]\], \[[@R23]\]. Most important, the choice of treatment remains undefined, because the rarity of the tumour has precluded prospective randomised trials and such trials are unlikely to be carried out in the future. Often, the approach of systemically combined modality is used based on data regarding small cell carcinoma of the lung.

The purpose of the study was to review the published literature and to look into the various factors that influence induction, treatment and prognosis of this rare disease.

Methods
=======

The articles we used for analysis were detected via MEDLINE and PubMed search. We used the term "small cell carcinoma of the esophagus" for our searching. We also reviewed references which were listed in these articles to get further publications providing more information and aspects about this disease. Eligible articles were those dealing with the carcinoma of the esophagus in the manner of a primary small cell carcinoma (see list of articles in [Attachment 1](#SD1){ref-type="supplementary-material"}). We screened all eligible cases in relation to initial 13 features: age at time of diagnosis, gender, histology (pure small cell histology, mixed histology), symptoms (dysphagia, odynophagia), duration of symptoms, risk factors (smoking and/or alcohol abuse), tumour site (upper-, middle-, lower-third), tumour size, neuroendocrine differentiation, disease stage (limited stage, extensive stage), lymph node involvement (positive or negative), treatment (chemotherapy and/or radiotherapy), and electron microscopic examination of neurosecretory granules. Local treatment consisted of radiotherapy and/or surgery, whereas systemic treatment consisted of chemotherapy. Predisposing factors for the development of oesophageal cancer in general were seen as risk factors. From these 13 features the analysis of only 7 features (age, gender, histology, symptoms, tumour site, tumour size, and disease stage) could give an adequate meaningfulness, whereas the analysis of the other six features did not give satisfying results because more than 50% of the reviewed publications did not provide enough information about those features. For all features the exact numbers of reported cases were given, while the histological criteria for pulmonary small cell carcinoma proposed by the World Health Organization (WHO) was used \[[@R24]\]. The extent of disease was considered limited (LS) if the tumour was confined to the esophagus or periesophageal tissues (including regional lymph node). Extensive stage (ES) was regarded as tumour sprouted beyond the loco regional area with distant metastasis. Argyrophilia was used for histochemical and immunochemical staining whereas electron microscopic examination was used for the ascertainment of the presence of neurosecretory granules. The staging investigation included anamnesis and physical examination, chest radiography, computed tomography of the chest and endoscopy. Altogether 313 eligible cases found in the literature were analyzed, since the rest of these studies either did not satisfy the minimal criteria in registered features or were presented collectively. Follow-up was reported in terms of time (in months) from diagnosis until death. Patients who were alive during the reported time of communication were indicated as alive.

Data analysis
=============

Statistical analysis of survival for different features were carried out by the life-table method. A comparison of the survival curves was made using the log rank test. The Cox proportional hazards model with stepwise regression was used for multivariate analysis. All statistical computations performed with the Statistical Package for Social Sciences (SPSS), Version 11.0 (SPSS Inc., Chicago, USA).

Results
=======

The patients' characteristics are listed in Table 1 [(Tab. 1)](#T1){ref-type="fig"}. In all cases, the tumour had a histology appearance indistinguishable from lung SCC. Pure small cell carcinoma were reported in 260 cases (83%) and mixed cell differentiation in 44 cases (14%) with squamous differentiation or/and in situ carcinoma. Histological testing for neuroendocrine cells (Grimelius staining, NSE, Chromogranin, Synaptophysin) was performed in 130 patients' cases (41.5%); 71 cases (22.7%) exhibited cytoplasmatic evidence for neuroendocrine differentiation. Electron microscopic examination was performed in 61 cases (19.5%) whereby neurosecretory granules were found in 41 of 61 cases (67.2%). Of 313 patients studied, in 234 cases (75%) lymph node stage was attained. Ninety-six of 234 patients (41%) had no lymph node involvement and 138 of 234 (59%) had lymph node involvement. Of 313 patients studied, in 260 cases (83%) the disease stage was attained. One hundred and fifty-one patients (48.2%) had LS, 109 (34.8%) were presented with ES, and in 53 cases (16.9%) the stage was not reported. One hundred eighty patients out of 313 (57.5 %) had either only dysphagia or no symptom. The most frequent symptom (176 of 180 patients, 97.8%) was dysphagia. For 93 patients a second additional symptom beside dysphagia was reported: 45 (14.4%) had weight loss, 9 (2.9%) had pain in the right upper quadrant, and 8 (2.6%) odynophagia. Hematemesis, dyspepsia, anorexia, cough and sore throat were only reported occasionally. For the remaining 40 patients (12.8%) no symptoms were reported. Twenty-seven patients (8.6%) experienced symptoms 4 weeks, 23 (7.3%) 8 weeks, 16 (5.1%) 12 weeks, 10 (3.2%) 16 weeks, 4 (1.3%) 20 weeks, 8 (2.6%) 24 weeks, 5 (1.6%) 28 weeks, 3 (1%) 32 weeks, and 11 patients (9.3%) more than 32 weeks before diagnosis. Information about initial treatment for 297 patients (94.9%) was available and is shown in Table 2 [(Tab. 2)](#T2){ref-type="fig"}. Statistical data for the reported features satisfying the minimal criteria are listed in Table 3 [(Tab. 3)](#T3){ref-type="fig"}. In the case of age at the time of diagnosis, the median survival for patients aged 50 years or younger was 17.2 months versus 9.2 months for patients older than 50 years (*P*\<0.005, Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). There also were significant differences in survival between patients with LS and those with ES (*P*\<0.0001) (Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). The median survival for patients with LS was 17.8 months compared to 4.9 months for ES. Both features were statistically significant in a multivariate analysis. For tumour size smaller than 5 cm the median survival was 9.8 months. For those with larger tumours, median survival was 9.2 months. There was no significant difference in survival regarding gender (male 9.7 months vs. 9.8 months for females), histology (small cell 10.2 months vs. 7.8 months for mixed cell), type of symptoms (dysphagia 9.2 months vs. 7.4 months for odynophagia), and tumour site (upper third 11.4 months, middle third 10.5 months, lower third 6.1 months). There was a statistically significant difference in survival between those patients who received therapy compared to patients who did not receive therapy besides best supportive care (11.6 months vs 0.8 months, *P*\<0.001, HR 0.093, CI 95% 0.053--0.16). For patients who received antineoplastic therapy there was a statistically significant difference in survival between patients who received local-plus-systemic treatment and those who received only local treatment. The median survival for patients who received local-plus-systemic treatment was 14.2 months, whereas for those who received only local treatment the median survival was 7.4 months (*P*\<0.01, HR 0.439, CI 95% 0.347--0.55). Both, univariate analysis and multivariate analysis of ES, showed that only treatment or lack of it was an independent variable for prognosis (*P*\<0.01). Due to the few cases reported, no significant differences in survival for LS patients were found referring to different types of local treatments (surgery vs. radiotherapy).

Discussion
==========

SCCE is a rare tumour ranging between 0.5% up to 2.4% of malignant oesophageal neoplasms \[[@R3]\], \[[@R25]\] and therefore information about the best therapeutic approach is not available. Here we present an individual patients' data metaanalysis in respect of the reviewed published literature. The disease has been described in patients ranging in age between 28--88 years, but most commonly it occurs during the sixth to eighth decades of life \[[@R26]\]. This matches to our median age of 60 years. Age \<50 years was associated with a statistically significant better overall survival at the time of diagnosis, but only 10.2% of the patients were younger than 50 years. The reason for this observation may be attributed to more aggressive therapy in cases of younger patients. Every patient younger than 50 years received a multimodal therapy with at least two different modalities. The clearest case of this fact were two patients who were treated with chemotherapy and syngeneic bone marrow or an autologous bone marrow transplant followed by radiotherapy. One patient achieved an overall survival of 36 months \[[@R27]\]. The other was disease-free 38 months after transplantation \[[@R28]\]. In a retrospective review of 199 patients, Casas et al. reported a male-to-female ratio of 1.57:1 \[[@R22]\]. Our ratio was slightly higher with a relation of 1.94:1. A study of 21 cases from China even reports a male-to-female ratio of 3.2:1 \[[@R29]\]. The male dominance could reflect the higher incidence of typical risk factors for esophageal cancer in general. Certain risk factors were not exactly specified and other risk factors beside smoking and alcohol, in rare cases also reflux and Barrett syndrome, were not named. So the typical risk factors for a small cell carcinoma of the lung, ergo alcohol and smoking, can be transferred to our case of the esophagus. In contrast to former series described \[[@R22]\], \[[@R26]\], we found a predominance of SCCE in the middle third of the esophagus followed by the localization in the lower third of the esophagus, but the low differences suggest that the tumour can be found in the lower and middle third in the same proportion. In the upper esophagus SCCE is rarely found (\<5%). This correlates with the different nature and the type of muscle cells in the upper esophagus in relation to the lower and middle third (skeletal muscles in the upper third, smooth muscles in the middle and lower third). Symptoms present at the time of diagnosis were predominantly dysphagia, followed by weight loss and chest pain. Mean duration of symptoms was 4.1 months. Neither tumour size nor site of the tumour in the esophagus showed statistical differences in terms of different median survival in any group. Due to the small number of patients who have been reported on, the importance of factors such as argyrophilia or the presence of neurosecretory granules has not been evaluated. With regard to the small tumours of the lung, the oesophageal variety behaves aggressively and is associated with rapid and widespread metastases at time of diagnosis, therefore the prognosis for constant healing is worse compared to its counterpart from the lung, but compared to the small cell carcinoma of the lung, a significant survival difference has been observed between LS and ES disease. One reason of bad prognosis for disease at ES could be that most of the patients had either been in very poor condition at the time of diagnosis and thus received no specific antineoplastic therapy, or were treated only with palliative surgery. In none of the articles the performance status of patients was clearly documented, which is an important factor for the beginning of treatment. The provision of treatment in cases of ES or the addition of systemic treatment in cases of LS is also influenced by performance status. Therefore, the performance status is a very important factor in the selection of treatment. Also, due to the small number of patients, evaluation of possible differences in the therapeutic results of different applications of chemotherapy has not been carried out. A lot of options have been exercised in the treatment of SCCE, but it is still not possible to compare the efficiencies because of the small number of patients and the lack of controlled trials. In Japan, a 78-year-old man with SCCE was treated with a carboplatin (CBDCA) plus etoposide (VP-16) combination of chemotherapy and radiation leading to complete remission without recurrence \[[@R30]\]. Another 60-year-old Japanese patient was treated with 5-fluorouracil plus cisplatin (CDDP) and surgery leading to disappearance of the tumor without recurrence \[[@R31]\]. Dealing with extrapulmonary SCC, there is an arising conformance in the literature that chemotherapy should be the basis of treatment. Our review confirms this fact, also because it is verified that small cell carcinoma in general is susceptible to antineoplastic chemotherapy. SCCE is histologically identical to its counterpart from the lung, its aggressive behavior and chemosensitivity are similar \[[@R19]\]. Lack of antineoplastic therapy is associated with a statistically significant shorter survival which is shown in cases where patients received only best supportive care. In any case the practicability of any kind of active treatment is the best prognostic factor. Therefore systemic treatment must be an integral part of treatment in view of the high rate of distant metastasis at diagnosis or later in the course of the disease. Local tumour control also seems to be important. A patient reported by Law et al. survived 72 months after he has been treated by surgery followed by chemotherapy and, after recurrence, by radiotherapy. Radiotherapy alone used on patients with esophageal SCC has shown disappointing results and should rarely be used as the sole treatment modality \[[@R32]\], \[[@R33]\]. In their review of 107 patients \[[@R34]\], Lieberman et al. found out that the longest median survival time (28 months) was obtained in cases of patients treated by esophagectomy in combination with chemotherapy. Kuo et al. suggested that for patients with limited disease, curative resection followed by chemotherapy can provide long-term survival and can be considered as primary treatment for selected patients \[[@R35]\]. The fact that patients could have mixed histology implicates that these tumours do not have chemo- and radiosensitiveness like pure SCCE and therefore should be treated by radical en bloc esophagectomy. In general, the appropriate selection of patients who were treated with combined regimens has to be noticed in order to be able to prove sufficiently that those who received multimodality treatment have lived longer than those given only one form of treatment. Since SCCE should be considered a systemic disease, we recommend that chemotherapy combined with local treatment, probably additional radiotherapy, should be used as standard treatment for LS as well as for ES of SCCE, as in the case of intrathoracic SCC of the lung, because it may produce long term remission and possibly long term survival. In the ES the optimal prognostic factor is the application of treatment depending on performance status. However, our study did not reveal any optimal treatment protocol. At the sight of lack of randomized trials, the selection of the best therapeutic approach to tackling this rare illness can be made easier by classifying the illness in prognostic subgroups.

Notes
=====
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